Caring for a family member with cancer is a psychologically demanding experience. However, it remains unclear whether the distress that caregiving provokes also takes a physiologic toll on the body. This study observed familial caregivers of patients with brain cancer for a year after diagnosis and tracked changes in neurohormonal and inflammatory processes.
INTRODUCTION
Caring for a family member who has cancer is a psychologically demanding experience. In addition to concerns about the family member's welfare, caregivers report high levels of fatigue, depressive symptoms, and poor quality of life. [1] [2] [3] [4] [5] However, it remains unclear whether this distress also takes a toll on the body. Studies have identified a broad array of physiologic alterations in caregivers of patients with dementia, 6 including altered diurnal output of stress hormones, 7 blunted immune responses to vaccination, 8 and increased concentrations of biomarkers of systemic inflammation and platelet aggregation. 9, 10 Long-term studies have also shown that risks of morbidity and mortality are increased in caregivers of disabled family members and in persons whose spouses have been hospitalized recently for major illness. [11] [12] [13] However, to our knowledge, research has not explored whether caregiving exacts a similar toll on the bodies of those caring for a family member with cancer, who are typically younger and healthier than caregivers of patients with disabilities or dementia. Therefore, we recruited a sample of familial caregivers of patients with brain cancer and healthy matched controls. Caregivers of patients face a number of special challenges that include anticipatory grieving about the patient's impending death, the need to provide emotional support and assistance with daily living, and the transformation of the relationship from equal to dependent.
Caregivers were assessed four times during the course of each patients first year of treatment with a focus on psychological distress, salivary output of the stress-related biomarkers cortisol and amylase, and processes that mediate inflammation. Controls were assessed at matched time points. We expected
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that, during the course of treatment, caregivers would show greater output of cortisol and amylase as well as increasing concentrations of the inflammatory biomarkers C-reactive protein (CRP) and interleukin-6 (IL-6). On the basis of past work, we expected that the latter changes would be enabled by a decline in glucocorticoid inhibition of the inflammatory response 14 and by altered gene expression of proteins involved in the intracellular signaling cascade that orchestrates inflammation. 15 Specifically, we expected upregulation of the major pro-inflammatory signaling proteins from the nuclear factor-B (NF-B) family and downregulation of the major antiinflammatory signaling proteins inhibitory B (I-B) and glucocorticoid receptor (GR).
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PATIENTS AND METHODS
Patients and Procedure
Caregivers were recruited from the central nervous system tumor clinics at the British Columbia Cancer Agency, Vancouver Centre, between January 2005 and December 2007. All were primary familial caregivers for patients being treated for glioblastoma multiforme, the most common and most aggressive primary brain tumor, which has 5-year survival rates of approximately 10% to 20%. 17 Families were approached about the study by their treating physicians before the initiation of radiotherapy; those who expressed interest in participating were put in contact with the project coordinator. Controls were recruited from Vancouver, British Columbia by using newspapers advertisements. To be eligible, the control had to match an enrolled caregiver on age (Ϯ5 years), sex, ethnicity, and marital status and had to be free of major stressors, such as divorce, bereavement, unemployment, and family illness, during the past year. All participants were free of serious medical illness at study entry. The project was approved by the Research Ethics Boards of the University of British Columbia and the British Columbia Cancer Agency, and all participants provided written informed consent before participating. Caregivers were assessed four times during the course of the patients' treatment. Assessments were conducted before onset and at conclusion of radiotherapy as well as 6 weeks and 4 months thereafter. Control participants were assessed at matched time points. Participants received $50 for each assessment.
Endocrine System
Basal hypothalamus-pituitary-adrenal axis and SNS activity were assessed by measuring cortisol and ␣-amylase in saliva obtained on three consecutive days after each study visit. Samples were collected at waking and 0.5, 1, 4, 9, and 14 hours later. Daily output and diurnal rhythms of cortisol and amylase were computed (Appendix, online only).
Systemic Inflammation
Systemic inflammation was assessed through serum levels of CRP and IL-6, which were measured by standard high-sensitivity techniques that had detection limits of 0.20 mg/L and 0.039 pg/mL, respectively 18 (Appendix, online only).
Pro-and Anti-Inflammatory Signaling Pathways
Leukocyte expression of pro-inflammatory (NF-B subunits p65 and p105) and anti-inflammatory (I-B, GR-␣, GR-␤) signaling molecules was quantified through real-time reverse transcriptase (RT) polymerase chain reaction. Assays were conducted on a Prism 7000 Sequence Detection System (Applied Biosystems, Foster City, CA) by using commercially available onestep assays (Appendix, online only).
In Vitro Regulation of Inflammation
To index the glucocorticoid sensitivity of leukocytes, whole blood was incubated with lipopolysaccharide and different concentrations of hydrocortisone (HC) for 6 hours. 14, 19 Supernatant concentrations of IL-6 were measured by enzyme-linked immunosorbent assay, and the 50% inhibitory concentration (IC 50 ) was calculated for each dose-response curve. The IC 50 reflects the concentration of HC needed for 50% inhibition of cytokine production and is, therefore, inversely related to glucocorticoid sensitivity (Appendix, online only).
Psychological Distress
Psychological distress was assessed with widely used, standardized questionnaires. The Perceived Stress Scale (PSS) 20 captured how stressed and overwhelmed respondents felt during the prior week, and the short form of the Center for Epidemiologic Studies Depression Scale (CES-D) 21 assessed the frequency of depressive symptoms during the same time frame. These instruments showed excellent psychometrics and had a Cronbach's ␣ coefficient greater than 0.89.
Statistical Analyses
To determine whether caregivers and controls showed differing patterns during the year, we estimated a series of growth curve models that utilized HLM 6.06 (Scientific Software International, Inc., Lincolnwood, IL). In the within-person (ie, level-1) models, outcomes were estimated as a function of time since study entry (coded in weeks; to test for linear effects) and time since study entry squared (coded in weeks squared; to test for curvilinear effects). These models yielded person-specific intercepts that reflected the values of outcome variables at study entry (␤ 0i ) and the rates of linear (␤ 1i ) and curvilinear (␤ 2i ) change during follow-up. In the between-person (ie, level-2) models, we estimated ␤ 0i values for each participant as a function of the group, and we included the covariates of cigarette smoking, body mass, and oral contraceptives. We also estimated between-person models, in which ␤ 1i and ␤ 2i values for each participant were predicted as functions of the group. The critical parameters reported were ␥ 01 , which reflected group differences at baseline, ␥ 11 , which reflected group differences in rate of linear change, and ␥ 21 , which reflected group differences in rate of curvilinear change (Appendix, online only). Study entry means for all variables are reported in Appendix  Table A1 (online only).
RESULTS
Sample Characteristics
As summarized in Table 1 , groups were statistically indistinguishable on demographic, lifestyle, and biomedical characteristics at baseline (all P Ͼ .17) and remained similar during follow-up (all P Ͼ .12). Patients had received their diagnoses 13.4 weeks (standard deviation [SD], Ϯ4.6 weeks) before study entry, and the initial surgical intervention was performed at an average of 11 weeks (SD, Ϯ15.43) before study entry. Most caregivers (n ϭ 15) were spouses of patients with cancer; the others included a son, father, and brother.
Psychological Distress
At study entry, caregivers reported more perceived stress (PSS mean Ϯ SD, 18.4 Ϯ 8.6) than controls (mean Ϯ SD, 11.8 Ϯ 5.9; ␥ 01 , Ϫ4.844389; standard error [SE], 1.980377; P ϭ .020). Caregivers' levels of perceived stress were about 1 SD greater than is typical of American people age 45 to 54 years old, which is the 80th percentile of the population distribution. 22 Caregivers also reported more depressed mood (CES-D mean Ϯ SD, 12.0 Ϯ 7.0) than controls (CES-D mean Ϯ SD, 6.1 Ϯ 4.6; ␥ 01 , Ϫ5.014511; SE, 1.521561; P ϭ .003). At baseline, 66.5% of them had short-form CES-D scores of 10 or greater, which in many settings is used as a screening cutoff for clinical depression. 23 These psychological disparities persisted at a similar magnitude throughout follow-up (PSS: ␥ 11 , 0.012350; SE, 0.036341; P ϭ .736; CES-D: ␥ 11 , 0.027244; SE, 0.045038; P ϭ .549; Appendix Fig A1, online only).
Endocrine System
HLM analyses of endocrine parameters indicated that the diurnal rhythm of salivary ␣-amylase did not differ significantly between caregivers and controls at study entry (␥ 01 , 0.0018; SE, 0.0048; P ϭ .704). However, the groups' trajectories diverged significantly over time (␥ 11 , 0.0013; SE, 0.0006; P ϭ .028), and so did their curvatures (␥ 21 , Ϫ0.000038; SE, 0.000013; P ϭ .007). As Figure 1A shows, the diurnal rhythm of amylase secretion declined (ie, became flatter and less pronounced) during the first half of the follow-up in caregivers. It reached a nadir about 18 weeks after study entry, when most patients had completed radiotherapy, and gradually became more prominent after that. Amylase diurnal rhythm was stable over time among controls.
To illustrate how these disparities played out diurnally, Figure 1B presents average amylase concentrations over 3 days during weeks 14 to 21 of follow-up, which is the time when disparities between caregivers and controls were most pronounced. As the figure illustrates, caregivers' amylase secretions show a less pronounced increase in the late morning and lower levels during the afternoon.
Total daily output of amylase was not different between caregivers and controls at study entry (␥ 01 , Ϫ0.123114; SE, 1.606075; P ϭ .939), but differences in groups' trajectories and curvatures were marginally significant (␥ 11 , 0.330024; SE, 0.149698; P ϭ .034; ␥ 21 , Ϫ0.00702; SE, 0.003543; P ϭ .055). As Figure 1C shows, both groups began the study with similar amylase levels, but output of controls increased gradually over time, whereas output of caregivers was relatively stable. None of the covariates were significant predictors of amylase diurnal rhythm or daily output (all P Ͼ .09).
The diurnal rhythm of salivary cortisol did not differ between groups at study entry (␥ 01 , 0.002375; SE, 0.005712; P ϭ .678), and no differences in trajectories or curvatures were observed (␥ 11 , 0.000249; SE, 0.000519; P ϭ .634; ␥ 21 , Ϫ0.000011; SE, 0.000015; P ϭ .435). Daily cortisol output also did not differ between groups at study entry (␥ 01 , 0.635725; SE, 0.804012; P ϭ .431), and no differences in groups' trajectories and curvatures were found (␥ 11 , 0.008461; SE, 0.104394; P ϭ .936; ␥ 21 , 0.000124; SE, 0.002871; P ϭ .966; Appendix Fig A2, online only). Smokers had higher daily cortisol outputs at study entry than nonsmokers (P ϭ .002); none of the other covariates were significant predictors of cortisol indices.
Systemic Inflammation
HLM analyses indicated that groups had similar quantities of the inflammatory marker CRP at study entry (␥ 01 , Ϫ0.044436; SE, 0.079286; P ϭ .576). However, the groups' trajectories diverged significantly over time (␥ 11 , Ϫ0.005285; SE, 0.001668; P ϭ .004), as caregivers' concentrations increased markedly and controls declined slightly (Fig 2A) . Smokers had higher CRP levels at study entry (P ϭ .019); none of the other covariates were significant predictors.
Plasma concentrations of IL-6 did not differ between groups at study entry (Fig 2B; ␥ 01 , Ϫ0.00811; SE, 0.037876; P ϭ .831), and the groups' trajectories and curvatures were similar (␥ 11 , 0.000201; SE, 0.002056; P ϭ .923; ␥ 21 , Ϫ0.000043; SE, 0.000039; P ϭ .283). Smoking and body mass index were associated with higher IL-6 levels (P ϭ .007 and P ϭ .04, respectively), but none of the other covariates were. 
Pro-Inflammatory Signaling Pathways
To examine whether development of low-grade systemic inflammation in caregivers was associated with changes in pro-inflammatory signaling pathways, we measured expression of mRNA for two major proteins of the NF-B complex (ie, NF-B p65 and p105). HLM analyses showed no significant group differences at study entry (p65: ␥ 01 , Ϫ0.048341; SE, 0.249504; P ϭ .848; p105: ␥ 01 , Ϫ0.40313; SE, 0.281935; P ϭ .162). However, trajectories differed significantly between caregivers and controls (p65: ␥ 11 , 0.035163; SE, 0.013227; P ϭ .012; p105: ␥ 11 , 0.03634; SE, 0.011383; P ϭ .003). Expression of NF-B p105 and p65 increased during the follow-up period in controls, whereas it decreased in caregivers (Fig 3; Appendix Fig A3, online only). Expression of NF-B p65 was associated with body mass index (P ϭ .034); none of the other covariates were significant predictors.
Anti-Inflammatory Signaling Pathways
To examine whether the development of low-grade systemic inflammation was associated with changes in anti-inflammatory signaling pathways, we assessed mRNA for the active isoform of the GR (ie, GR-␣) relative to expression of the inactive isoform (ie, GR-␤) on the basis of the hypothesis that the GR-␣:GR-␤ ratio is indicative of the ability of GR to exert its anti-inflammatory effects. 24, 25 We additionally measured mRNA for I-B, which neutralizes the activities of NF-B.
HLM analyses revealed significant differences in the GR-␣:GR-␤ ratio between caregivers and controls at study entry (␥ 01 , Ϫ0.05116; SE, 0.018702; P ϭ .008) as well as significant differences in group trajectories (␥ 11 , 0.009849; SE, 0.002743; P ϭ .001) and curvatures (␥ 21 , Ϫ0.000226; SE, 0.000077; P ϭ .006). Specifically, the GR-␣: GR-␤ ratio was higher in caregivers at study entry, but it declined during the next 4 months until it reached a nadir about at about 18 to 20 weeks, which is the same time that amylase reached nadir. The ratio then began to increase again ( Fig 4A) . None of the covariates were significant predictors.
When isoforms were analyzed separately, there were no significant group differences at study entry (GR-␣: ␥ 01 , 0.528989; SE, 0.350508; P ϭ .141; GR-␤: ␥ 01 , 0.760363; SE, 0.42563; P ϭ .083) or in trajectories or curvatures during follow-up (GR-␣: ␥ 11 , Ϫ0.00692; SE, 0.034427; P ϭ .842; ␥ 21 , 0.00035; SE, 0.00074; P ϭ .639; GR-␤: ␥ 11 , Ϫ0.04696; SE, 0.043926; P ϭ .293; ␥ 21 , 0.00106; SE, 0.000963; P ϭ .279; Appendix Fig A4, online only) .
HLM analyses showed no group differences in expression of the anti-inflammatory I-B at study entry (␥ 01 , Ϫ0.260031; SE, 0.217535; P ϭ .241), but there were significant disparities in trajectories over time (␥ 11 , 0.022277; SE, 0.008781; P ϭ .016). Figure 4B shows that I-B expression decreased over time in caregivers, whereas it remained stable in controls. Expression of I-B was higher in users of oral contraceptives (P ϭ .029); none of the other covariates were significant predictors.
In Vitro Regulation of Inflammation
Finally, to test whether the disparities in signaling molecule expression translated into alterations in functioning physiologic systems, we measured in vitro glucocorticoid sensitivity of leukocyte IL-6 production. HLM analyses indicated a marginally significant difference in glucocorticoid sensitivity between caregivers and controls at study entry (␥ 01 , 0.117958; SE, 0.060249; P ϭ .052). Specifically, IC 50 tended to be lower among caregivers, which indicated that their leukocytes were more sensitive to glucocorticoid inhibition than leukocytes in controls. This pattern changed directions over time (␥ 11 , Ϫ0.010599; SE, 0.006167; P ϭ .094). As Figure 5 shows, caregiver IC 50 increased over time, which means the glucocorticoid sensitivity of their leukocytes declined, whereas the IC50 of controls remained relatively stable. The groups' curvatures were not significantly different (␥ 21 , 0.00018; SE, 0.000158; P ϭ .264). None of the covariates were significant predictors.
DISCUSSION
These data indicate that caring for a family member with glioblastoma is associated with significant psychological distress that is similar in B I-κB Expression (rq) Time (weeks) magnitude to what various groups of patients with cancer themselves experience. [26] [27] [28] Moreover, these data show that caring exacts a physiologic toll on the body. Caregivers showed marked changes in a broad array of neurohormonal and inflammatory parameters in the year after diagnosis. The most striking changes were in systemic inflammation. By about 20 weeks after study entry, nine of 18 caregivers had CRP concentrations greater than 3 mg/L compared with two of 19 of the controls. According to current guidelines, concentrations in this range suggest high risk for coronary heart disease. 29 Hence, these data suggest the possibility that caring for a family member with brain cancer may heighten vulnerability to coronary disease, as well as other metabolic, autoimmune, and psychiatric conditions that are sensitive to inflammation.
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The study found that, at the same time that CRP increased in caregivers, expression of anti-inflammatory signaling molecules and leukocyte responsivity to glucocorticoid inhibition declined. However, the latter decrease was relative, because caregivers began the study with more glucocorticoid-sensitive cells. These findings are consistent with the hypothesis that, over time, caregiving induces a relative resistance to the anti-inflammatory properties of glucocorticoids, a process which is thought over the long-term to lead to low-grade chronic inflammation.
14 Differential cortisol output does not appear to underlie these changes in tissue sensitivity, as caregivers and controls had similar patterns of diurnal secretion throughout the study. It is possible that SNS outflow was more central in driving these effects, because catecholamines are able regulate both GR dynamics and proinflammatory signaling. 33 Indeed, differential SNS activity could have modulatory influences on several biologic systems important to the caregiver health (eg, immune, metabolic, cardiovascular), even in circumstances in which cortisol output was normal.
The study also yielded some puzzling findings. For example, it is not clear why controls showed greater output of amylase over time, or why caregivers showed declining NF-B expression over time. The latter finding is particularly difficult to reconcile with the marked CRP increase observed in caregivers, unless one assumes that it is declining levels of inhibitory control over NF-B, as reflected in I-B decreases, that are primarily responsible for the increase in systemic inflammation. Even if this is the case, it is still difficult to explain why NF-B would decline in caregivers. One possibility is that this pattern reflects the immune system's efforts to counter-regulate inflammation, but these data do not allow testing of this hypothesis. It is also difficult to understand why systemic IL-6 did not increase alongside CRP in caregivers, because the former molecule is the primary stimulus for the latter to be released from the liver. This discrepancy might be explained by IL-6 release by multiple tissues, response to acute changes in mood and diet, and likelihood to randomly fluctuate more than CRP. 18, 34 We observed significant temporal variability in biologic outcomes among caregivers. Although three of the outcomes changed in a linear fashion over time, another three followed u-shaped functions that had nadirs at about 18 to 20 weeks after study entry.
It is not clear why trajectories shifted at this juncture. Regardless, the temporal variability in outcomes has important methodological, theoretical, and clinical implications. Methodologically, the variability highlights the importance of conducting multiwave longitudinal assessments. These designs are rare in the literature about caregivers but are of utmost importance, because single-time point assessments can generate misleading conclusions about which direction a process changes, depending on when assessments are conducted. Theoretically, the observed patterns indicate that different biologic systems respond to caregiving with unique, but interrelated, temporal dynamics. These patterns are consistent with recent theories about the dynamic nature of biologic responses to life stress. According to these models, biologic systems are up-or downregulated with differing temporal patterns after the onset of and during the course of chronic stress. This is partly a result of changing psychological demands over the course of the stressor, but it also stems from of the interaction of changes in psychological demands with changes in biologic responses. [35] [36] [37] [38] Clinically, these patterns have important implications for understanding vulnerability of caregivers of cancer patients to disease over time. Specifically, they suggest that caregivers may be relatively protected early in treatment. However, as time passes and systemic inflammation increases, the caregivers may be at risk for flare-ups of existing autoimmune diseases, progression of atherosclerosis, worsening of glucose control, and symptoms of psychiatric disorders.
This study has several limitations, including a small sample size, which might be another reason for some of the puzzling findings; a limited set of biologic outcomes; and no morbidity and mortality data. Nonetheless, it reveals that caring for a family member with cancer is associated with a highly dynamic pattern of neurohormonal and inflammatory adaptations that, if sustained, could have important implications for caregivers themselves about susceptibility to lifethreatening diseases.
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Methods: participants and procedure. Caregivers were recruited from the central nervous system tumor clinics at the British Columbia Cancer Agency, Vancouver Centre, between January 2005 and December 2007. All were primary familial caregivers for patients being treated for glioblastoma multiforme, the most common and most aggressive primary brain tumor, for which 5-year survival rates are approximately 10% to 20%. 17 Families were approached about the study by their treating physicians before the initiation of radiotherapy; those who expressed interest in participating were put in contact with the project coordinator. Controls were recruited from the broader community of Vancouver, British Columbia by using advertisements in newspapers. To be eligible, they had to match an enrolled caregiver on age (Ϯ5 years), sex, ethnicity, and marital status and had to be free of major stressors, such as divorce, bereavement, unemployment, and family illness during the past year. To participate, all participants had to be free of infectious disease in the 2 weeks before evaluation, as evidenced by a normal complete blood count, and had to be free of serious and chronic illnesses, including cancers, coronary heart disease, stroke, HIV/AIDS, hepatitis, autoimmune diseases, chronic obstructive pulmonary disorder, schizophrenia, bipolar disorder, and dementia. None of the caregivers initially approached had to be excluded as a result of any of these criteria. The project was approved by the Research Ethics Boards of the University of British Columbia and the British Columbia Cancer Agency, and all participants provided written informed consent before participating. Caregivers were assessed four times during the course of the patients' treatment. Assessments were conducted before onset and at conclusion of radiotherapy, as well as 6 weeks and 4 months thereafter. Control participants were assessed at matched time points. Participants received $50 for each assessment.
Measures: endocrine system. Basal activity of the hypothalamus-pituitary-adrenal axis and the sympathetic nervous system was assessed by salivary biomarkers. Salivary cortisol is an established noninvasive marker of activity of the hypothalamus-pituitary-adrenal axis (Kirschbaum C, et al: Psychoneuroendocrinology 19:313-333, 1994) , and ␣-amylase is increasingly used as a marker of SNS activity. Secretion of salivary ␣-amylase is activated by acute psychosocial stress in a pattern similar to that of norepinephrine (Rohleder N, et al After each of the four assessments, participants collected saliva as they went about 3 days of normal activities. Collections were scheduled at waking and 0.5, 1, 4, 9, and 14 hours later. To facilitate the collection process and to enhance compliance, we lent participants a handheld computer (Palm Zire 21, Palm Inc, Sunnyvale, CA), which signaled them to collect saliva at the specified sampling times. Specifically, when participants woke up, they took the first saliva sample and activated a customized software application on the Palm. The handheld would then sound alarms at the appropriate times for the rest of the day's samples. To collect the saliva samples, participants chewed lightly on a cotton dental roll (Salivette; Sarstedt, Nümbrecht, Germany) for 1 minute so that it became saturated in saliva. Participants were instructed to avoid taking saliva samples immediately after tooth brushing and food intake. The dental roll then was placed in a plastic container and was stored in the refrigerator until the end of the ambulatory monitoring period. To ensure compliance with the saliva sample protocol, the computer flashed a three-digit code each time the alarm sounded. Participants recorded the code on the plastic container, and a research assistant later matched these codes with individual samples to generate real sampling times for each saliva sample.
Cortisol was measured by utilizing a commercial chemiluminescent assay (IBL-Hamburg; Hamburg, Germany). Salivary ␣-amylase was measured by utilizing an enzyme kinetic method, as previously described (Rohleder N, et al: Psychophysiology 43:645-652, 2006). Intra-and interassay coefficients of variation were less than 12%. After log transformation of cortisol and amylase values, indices for the diurnal rhythm were calculated by linear regression of hormone concentrations onto time since waking (excluding the wake-up response). For cortisol, negativelysigned rhythm values were considered normative, because they reflected the usual pattern of declining hormone output during the day. The opposite is the case for amylase. To index total daily output, we calculated area under the curve for each hormone across 3 days of sampling by using the trapezoidal method, with actual sample collection times on the x axis.
Systemic inflammation. To assess systemic inflammatory activity, venous blood was drawn from an antecubital vein into serum separator Vacutainer tubes (Becton Dickinson, Mississauga, Canada). Blood was allowed to clot for 30 minutes and then was centrifuged for 10 minutes at 1200 ϫ g. Plasma was divided into aliquots and was stored at Ϫ30°C until additional analysis was performed. Interleukin-6 (IL-6) concentrations were quantified in duplicates by using commercial high-sensitivity enzyme-linked immunosorbent assay kits (Quantikine HS human IL-6; R&D Systems, Minneapolis, MO) that had a minimum detectable concentration of 0.039 pg/mL. Inter-and intra-assay variabilities were less than 10%. C-reactive protein was measured by the Clinical Chemistry Laboratory of St. Pauls Hospital (Vancouver, Canada) by using a high-sensitivity chemiluminescence technique on an Immulite 2000 instrument (Diagnostic Products Corporation, Los Angeles, CA). This assay has an intra-assay variability of 2.2% and a detection threshold of 0.20 mg/L.
Pro-and anti-inflammatory signaling pathways. Expression of pro-and anti-inflammatory signaling molecules was quantified through real-time reverse transcriptase polymerase chain reaction. We assessed expression of nuclear factor B (NF-B) p65 and p105 as major pro-inflammatory signaling pathways, and we assessed inhibitory B (I-B) expression and the glucocorticoid receptor (GR) -␣:GR-␤ expression ratio as major anti-inflammatory signaling pathways. We used the GR-␣:GR-␤ ratio because GR-␤ inhibits transcriptional activity of GR-␣, which leads to more glucocorticoid resistance in individuals with higher relative expression of the ␤ isoform. 24, 25 Higher GR-␤ has been found, for example, in patients with autoimmune diseases (Piotrowski P, et al: Folia Histochem Cytobiol 45:339-342, 2007).
Total RNA was extracted from leukocytes by using PAXgene Blood RNA kits (Pre-Analytix, Hombrechtikon, Switzerland). Reverse transcriptase polymerase chain reactions were carried out on a Prism 7000 Sequence Detection System (Applied Biosystems, Foster City, CA), by using commercially available one-step assays that were based on 5Ј nuclease activity of FAM-labeled TaqMan probes (Applied Biosystems). For NF-B p65 and p105 and for IB, commercially available assays were used (#Hs00153294_m1, #HS00765730_m1, and #HS00153283_m1; Applied Biosystems). For the GR isoforms, we developed a new TaqMan assay in collaboration with Applied Biosystems. The primer sequences were 5Ј-AGTGGTTGAAAATCTCCTTAACTATTGCT-3Ј (forward) and 5Ј-GGTATCTGATTGGTGATGATTTCAGCTA-3Ј (reverse) for GR-␣ and 5Ј-AGAAGATTATGTGCACTTCGTTGTCA-3Ј (forward) and 5Ј-GGCACAGCTTCTTTTCCCATTTAAT-3Ј (reverse) for GR-␤. All assays used a standard thermal cycling protocol recommended by the manufacturer. As an internal control, 18S mRNA (for GR isoforms) or ␤-actin mRNA (for NF-B and I-B) were quantified in parallel with target genes. The data were normalized by using the ⌬C T method (⌬C T ϭ C T target -C T control). Results were expressed as relative quantities of each target, which were calculated by subtracting each participant's ⌬C T from the highest ⌬C T in the distribution. Thus, higher relative quantities indicate greater expression of target genes.
In vitro regulation of inflammation. To assess the sensitivity of the inflammatory response towards glucocorticoid suppression, 10 mL of venous blood were drawn from an antecubital vein into Vacutainer tubes (Becton Dickinson) with lithium heparin as an anticoagulant. Within 30 minutes, blood was transferred to the laboratory and was processed in sterile conditions. Blood was diluted 10:1 with saline (0.9% NaCl; Braun, Scarborough, Canada), and five aliquots of 1.6 mL were transferred to a six-well culture plate (Sarstedt, Montreal, Canada). All five aliquots were coincubated with 200 L of lipopolysaccharide (LPS; Sigma Chemicals, St. Louis, MO) at a final concentration of 50 ng/mL and with five different concentrations of hydrocortisone (final concentrations: 0, 2.76 ϫ 10
Ϫ5
, 2.76 ϫ 10
Ϫ6
Ϫ7
, 2.76 ϫ 10 Ϫ8 mol/L; Sigma Chemicals; St. Louis, MO, USA). After 6 hours of incubation at 37°C and 5% carbon dioxide, each aliquot was centrifuged at 16,110 ϫ g for 5 minutes. The resulting plasma supernatant was stored at Ϫ30°C until additional analysis was performed. IL-6 concentrations were quantified in duplicates by using commercial enzyme-linked immunosorbent assay kits (Quantikine human IL-6; R&D Systems) that had minimum detectable concentrations of 0.7 pg/mL. Inter-and intra-assay variabilities were less than 10%. As an index for glucocorticoid sensitivity, the 50% inhibitory concentration (IC 50 ) was calculated for each individual dose-response curve by using GraphPad Prism, version 4.00c for Macintosh (GraphPad Software, San Diego, CA). The IC 50 reflected the specific concentration of hydrocortisone needed for 50% inhibition of cytokine production and was, therefore, inversely related to glucocorticoid sensitivity.
Psychological distress. Psychological distress was assessed with two widely used, standardized questionnaires. The Perceived Stress Scale 20 captured how stressed and overwhelmed respondents felt during the prior week, and the 10-item short form of the Center for Epidemiologic Studies Depression Scale (CES-D) 21 assessed the frequency of depressive symptoms during the same time frame. These instruments showed excellent psychometrics in our sample and had a Cronbach's ␣ coefficient greater than 0.89.
Statistical analyses. To determine how biologic outcomes changed over time in caregivers and controls, we estimated a series of growth curve models by utilizing HLM 6.06 (Scientific Software International, Lincolnwood, IL). In the within-person (ie, level-1) models, we estimated each biologic outcome as a function of time since study entry (coded in weeks; to test for linear effects) and of time since study entry squared (coded in weeks squared; to test for curvilinear effects). These models yielded a series of person-specific intercepts that reflected the value of the biologic outcome at study entry (␤ 0i ) and person-specific trajectories that reflected the rates of linear (␤ 1i ) and curvilinear (␤ 2i ) changes during the follow-up. In the between-person (ie, level-2) models, we estimated ␤ 0i values for each participant as a function of the group, and we included the covariates o cigarette smoking, body mass index, and oral contraceptive use. We also estimated between-person models, in which ␤ 1i and ␤ 2i values for each participant were predicted as functions of the group status (caregiver v control). In general, we started with equations that included both linear and quadratic terms. For cases in which the quadratic term was significant, we inferred a curvilinear effect for time and interpreted the data accordingly. When the quadratic term was nonsignificant, we dropped it from the model and tested the linear effect for time. All models included random variables that specified the amounts by which each participant deviated from the sample's average ␤ 1i and ␤ 2i . The critical parameters were the coefficients ␥ 01 (which reflected group differences at baseline), ␥ 11 (which reflected group differences in rate of linear change), and ␥ 21 (which reflected group differences in rate of curvilinear change). All other analyses were performed by using SPSS 13 for Mac OSX (SPSS Inc, Chicago, IL). 2,3 Among the terminally ill, 96% of caregivers are family members. 4 Cancer caregiving involves a variety of challenges. These include many practical concerns related to the physical day-today needs of the patient, such as managing symptoms and adverse effects, transporting the patient to medical appointments, administering medication, handling insurance, and communication with health care providers. As most caregivers (59%) are working either full-or part-time, caregiving may add an additional burden, 3 and many caregivers have to contend with lost time at work or career disruption along with the financial burdens of the patient's treatment. Often caregivers must also manage child care or care of aging parents. Emotionally, effects may include personal distress concerning the diagnosis or effects of treatment in a loved one, concerns regarding disability or the potential loss of the loved one, and the challenge of emotionally supporting the patient despite the caregiver's own distress. 5 Caregivers may have less time to spend with friends who might otherwise provide important emotional support. Caregivers often report exhaustion and fatigue, and feel captive in their role, particularly when the patient has high levels of physical or emotional demands. 6 Depression is a common problem 7 and is underdiagnosed in caregivers. 8 A meta-analysis found equivalent levels of distress in caregivers as in the patients themselves. 5 These issues may be more profound among caregivers with low socioeconomic status or less education because of limited resources and/or flexibility. 7, 9, 10 Not only does caregiving entail a psychological burden, but the stress of caregiving often has a biologic impact also, as shown by Rohleder et al. 1 Most previous studies examining biologic effects of caregiving have studied caregivers of dementia and Alzheimer's patients. Caregiving for Alzheimer's patients has been associated with wide-ranging effects on physiology, including poorer cellular immune function, 11-13 cytokine dysregulation, 14, 15 slower wound healing, 16 greater autonomic and neuroendocrine dysregulation, 17 and poorer response to influenza vaccine, 11, 18, 19 with the impact of caregiving worsening with increased distress. Caregiving for children with chronic illnesses has also been shown to have significant effects on telomere length and aging processes. 20 Alzheimer's caregivers who were experiencing emotional or physical strain were found to have a 63% greater mortality than caregivers without strain or noncaregivers. 21 In contrast, social support has been shown to help reduce the experience of stress among caregivers. For example, prostate cancer caregivers who had high levels of social support had less compromise to their cellular immune response than caregivers with lower levels of social support.
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In this context, the article by Rohleder et al 1 adds substantially to understanding how the stress response in a group such as cancer caregivers can contribute to dysregulation of bodily systems. The authors have used a well-chosen panel of biomarkers, enabling them to characterize the interplay of important aspects of inflammatory control, for example, the output of neuroendocrine hormones, extent of systemic inflammation, pro-and anti-inflammatory signaling pathways, and tissue sensitivity to glucocorticoids. During the past 30 years, the field of psychoneuroimmunology has characterized extensive connections between the CNS and cells involved in the immune response.
23 Some of these links involve hard-wired connections between neurons of the sympathetic nervous system and lymphocytes within the spleen and other secondary lymphoid organs. 24 Neuroendocrine stress hormones such as cortisol also modulate the activities of lymphocytes and serve to downregulate the cellular immune response and control inflammation.
The article by Rohleder et al 1 demonstrates how high levels of chronic stress associated with caring for a glioblastoma patient may be translated into general dysregulation of inflammatory control by the hypothalamic-pituitary-adrenal axis, particularly at a cellular level. One of the strengths of this article is that dynamic patterns of change were examined over time, allowing the authors to capture alterations from before the patient's radiation treatment to 4 months after treatment. They report that caregivers show increased general systemic inflammation, as assessed by C-reactive protein, and that inflammation increases over time. Caregivers demonstrate a variety of specific anomalies in inflammatory control. Although levels of cortisol secretion among caregivers do not differ from those of controls, potential cortisol effects on the body are blunted by receptor changes. These include differences in the ratio of the active to the nonactive
isoform of the glucocorticoid receptor, suggesting poorer ability of this receptor to mediate anti-inflammatory processes; decreases in the anti-inflammatory molecule inhibitory factor-kappaB over time; and decreased tissue sensitivity to glucocorticoids over time (although the latter finding was not statistically significant). The fact that these patterns of change are observed over time suggests that inflammatory control continues to deteriorate with time spent caregiving.
Although not all results were as hypothesized, (eg, the proinflammatory nuclear factor-kappaB proteins increased over time in controls and decreased over time in the caregivers, and there was no difference in levels of cortisol secretion between caregivers and controls), these initial results in a small sample are quite intriguing. The study by Rohleder et al 1 has important implications for the mental and physical well-being of caregivers of patients with cancer, as it demonstrates increasing inflammation and dysregulation of inflammatory control over time. As inflammatory processes are involved in etiology of a variety of conditions, such as cardiovascular disease, caregivers may be at increased risk for health concerns over time. The time course of this study extended to only to 4 months post-treatment; for many caregivers, their roles go on for years and may become more demanding over time. Thus, research is needed to determine the extent and reversibility of biologic changes in the caregiver that may accompany the ultimate improvement, stabilization, or death of the patient. For example, one previous report noted that 2 years after the death of an Alzheimer's patient, caregivers still demonstrated significant blunting of the immune response. 25 These findings also suggest the importance of attention to caregiver distress by medical providers, and the need for research into development of interventions and programs to support caregivers. The US Surgeon General has made suggestions for interventions for caregiver well-being, 26 including addressing issues around depression and anxiety; identifying sources of support within the community for the caregivers; focusing on the role of the caregiver's health in their care of the patient; sensitizing the caregivers to their stress and its effect on them; learning more about the illness their loved one is experiencing; and training in a variety of stress management options. As a dyadic interaction, improving the well-being of the caregiver has the potential to improve patient outcomes, and this should also be tested in future welldesigned randomized controlled trials.
